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(54) SEMICONDUCTOR LASER ARRAY AND ITS PRODUCTION, OPTICAL INTEGRATED UNIT. OPTICAL 
PICKUP AS WELL AS OPTICAL DISK DRIVE ASSEMBLY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To integrate refractive index guide type 
semiconductor lasers varying in oscillation wavelengths and to form a 
semiconductor laser array by disposing a first laser element part which 
exists on a substrate and releases a laser beam of a first wavelength 
and a second laser element part which exists in parallel therewith and 
releases a different wavelength. 

SOLUTION: The active layer 214 of the laser element part 240 of a 
wavelength 780 nm is formed of a MOW structure consisting of 
GaO.9AIO.1As well layers and GaO.65AIO.35As barrier layers and the 
active layer 224 of the laser element part 241 of a wavelength 650 nm is 
formed of an MOW structure consisting of In0.5Ga0.5P well layers and 
In0.5(Ga0.5AI0.5)0.5P barrier layers. Refractive index steps are formed in 
a transverse direction by the combination of third clad layers 218, 228 
processed to a projecting stripe shape and a GaAs current blocking 
layer 231, by which the laser element parts 240. 241 are formed as a 
refractive index guide laser. The laser element parts 240, 241 are 
respectively applied to CD disks and DVD disks and are used as LDs of 
optically integrated units. 
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IS» 1 co^SSi: 2 co^:Sco if ^t^fffSEm 

1 (Ojggcoi — if^i:lB&W^c^:6'r^(c*kW-r'5»2cow 
-if^^get. Hfil5HlcoiR:^(OU— !f^co5-^T-^SfB 
(c:^V^TStt^nTj^of'^l (OM'P^^^l cOiHl^:^ 
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*f ^1 a t (ist:^ 6^2 (Dmthm,xm\ ^^^^ 
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[0 0 3 5] — :$:^0^(7:>^t'*:y^r ^^■T'^l. m^cD 30 
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T'#So o^i?. a«^*S:»>J4 0%jft<*T-S5*i>'5r 
1[klh^i:^i^^Zti)^X^^t}^^^m^i: 

0%llTfc'5o 

[0 0 4 51 r(Dj:9 7i:)ti^#53 s-r^it^-^^n^^ 

A^^Sfl, (3 2 (a) lC^Lfc<t5f-3t*a:^=^^>' h 



if 
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1 1 i:-m-^l+TfcS<. 132 (b) {CTT^l. 

fcX^^\c^mm^='y h 1 1 irfijgU{-tS:ltTt>Sv^o M 

-So 

[0 0 4 6] :^^m\c:}6\,^xm\^^^:it:d*^X-t^^^i^ 

(om:^^<r>^ ^x*^'&(D}mi<D^^yt^^d^m p d 3 s 
[0 0 4 7] i^tt}fflPD3 i^{^i¥arr^i5(-« 

-So ia?J^Lyh^?y{^*5U>Tfl. 7 S 0 nml- — f 3tt 6 5 
0 nml/— if^tt. (Wl-C7:)^[±ifflPD3 5-eg3ti^6o 
[0 0 4 8] LD3 l;6^?>feai$nytl^— f-'^tJl. 

60 ^LT. ^ y h • W^'Xl 4{cj;i9**^ti>. 

iti^tix^com^^tLt^ofm^^n. ^ri^^M.mi- 
[0049] m^. >^^m(D^m^=' yhn <Di^m 

J:^^colEltFfco^§r^iiifcfe0Tfe«9. 1^10 (b) \i 

3 (a) (C:^L?t<t5Jc. ^'7:^fj:if<Dm^mm^m 

(1) tm^tl^o rwT% nfi^^T-^«9. 
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[0 0 5 0] 0 3 (b) §:#fi9Loo;*:^K(7»t 

T{1. DVDfflT-V;^i^{C*H^T}i^KS6 5 0 nm. C 
D {&t/CD-R) fflxV^iJ^t-^fbTdiSfi? 8 0n 

^XC7)J6S(7)^fi, LD 3 i;6>ibJaraj^tb^o :irT% L 
D3l(;i. mm^ir^^^ic^ m^(^raPST*WfJ^iE 

'So LD3 l;5^^abttL/cU—th'3tfl. 
10 3 3^mjSi\^xm7r^\^^<ii^^y'^ ^^icmt^o ^bT. 

fcfi. 1 ^^tmiMmpD 3 5 (Dm^i^m^^ht^^ 

5>'<^=3y • l^VXl 4. 5i*>±frf 1 5?Sif 

A^^3 3Ji. LD3 1 h • U^-Xl 4 t(7) 

20 [0 0 5 1] 03 (b) {C^y^L/cJ: 7i>a>5'*^jN 
^^3 3i;i<t «9M^3t3aS|lISf^:h.'5B#. mia*<7> (1) St 
:^^hmh:^>^j:^5\^. 6 5 0 nm<t «9 7 8 0 nmW— if 
3tc7):;^^5lH]^:^;d^^^ W tSoT. 6 5 0 nm)t (3 1 
A) (D\f—J^^*t-{CMVX7 8 Onmyt (3 IB) b:'— 
J>^^'t?b S:3tffl P D 3 5 §r■?:n^*i^S*^filJ^-aag L. R 

30 [00 5 2] ^^fj:mxi±^ L D tf — APelsat^ 2 0 
0 tim, 6 5 0 nmt:^— Acfi.L^3 1 AirS^fflPD 3 5 
tOct^.L-icoffic^ggaiSrS 0 0 Mm. LDi^ni/^A^ 

"f^ 3 3 t (DT^m^ 5 mm t L.fcm^\at.^ ^i^cr^^A^ 
^3 3CO[Hl^*&^(7:>g:/ht:':y^^3 Mmt-mf^SV^ 

< . L D l^^-i^PB^BS^3tffl P D 3 5 t (?>e:SII«^^ if 
[0 0 5 31 fi-U lElST*&^<?:^t''5/^^, LD3 1tS 

^fflPD 3 5 t<Di<Lmnm^j:t*^^mw}ti:mt'r^iti5b 

40 fdti. LD 3 1 (Dt*— A^T^;Q^^3 1 Air 3 1 BirCDP^PS 

M*3L^l 0—^1 0 OMmt'T'Sr 

50 ^:=-iyh\^mi!bXmM\^^'r^:ztt^X^^ 



ll 
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[00 54] 5)tfflPD^cov^Tt^^.Ki-'5o 04 

(a) ^^mPDs 5<Dmmw^mmx-h^o ^^^^ 

T^5o ^JxLt^. S^fflPD3 5C045>SiJffi«3 5 a, 
3 5 b, 3 5 c, 3 5 d(c::foV>TS3tmSSl a, lb, 

I c, I dt^^^C^tir^o Z<Dm. h^y^>^^:r^v 

— f± (Ib+Ic) t (la+Id) (Om^m\^X^m 10 
tH"e#So :7;i~::^;x.rc^— (I b + I c) - 

(la + Id) (7)jEAit«!{;^J:«9MaiT^^6c 

fi-^H. ii^fi (la + Ib-Mc-fId) tJfe-So 
[0 0 5 51114 (b) fi. Jj^ai/^A^T'3 3(?5^gi 

V^Tjl«93tS:lHlSf^ii:. ^^ttlfflPD(c*3ti-'5 r t^^T* 

[ 0 0 5 6 ] 5(i. :^^m<Dytmm^^y h(Dm^ 

{"It:— hv/ViJ' 4 lid^H^^tb. rcot— h v'^-iJ' 4 1 
/c. hv/>'>^4 lco±{c:t:i. l^afflPD 3 5:dWr> 

^^ix. hi/>-i5'4 ifi. m^i^m (cu) ^ij'^' 

LD3 1C7:)1¥®{R|J{C{1, ^^i5?fflPD3 7:i5t9:it^n. 
L D 3 1 com;^ ^^:=^ ^L.Xy>f—Fy<y^ M^X^ ^ 

<i:«9. LD3 1^PD3 5. 3 7 i:JS:i:e^^tLri/> 

[0 0 5 7] LDSlii^hn^ la^j^UfcJl^tC, 2^ 
(7)tSScoU— r^3 1 A. 3 1 B:d5aW-t''5o LD3 1 

[0 0 5 8] LD3 l:d^ibtii#tU^3fetf— ^Ji. 50 
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i3J:lHl^^5^^afflPD3 SJcM-So DVDix;^7^A{c 
*5i/>Tf;i. #(ch^?^^t:'2/^:d5/J^^v>fc*!)(cLD3 1 

tPD35 tCO^n^S (X. Y. 0) (DmS(DM^:^^ 
j^L<. ±5jum. ±0. (Df^fflrti^feawirJd^M 
*H/>o ia5t^:n^Lfc<^^Jm5i:/c1g(C. ia^L*V^!7 

[0 0 5 9] m4f^t^^7r:l.tz.^u^^J^mi^3 3\^^ 
:i comtc^iaifll P D 3 5 ic«- LT+5>^^<fi:e^*T-^-r 
^>>^cO±(cg^^;n.'5o mU 7)NDi/9A^^^3 3H. 

Xi 4(DM^/cfi^fe^v>{i*J*^i->-Xi 7(DBii^/c:f± 

mmm\^xhA^\ 

[0 0 6 0] rrT\ 0 5{^^L.fcSf*:M-*5V>Tfi. 
L D 3 5 n t — h i/>'>> 4 1 {C^^ Lfc 

^\a^^—i^>^t^(S^fj:\^^<DX\ LD3 KDtmmii: 

{P^L.Xh^mi^fcJji}'^m^lXh^o ^(Dfz.isb\^^ LV(D 

mytm:iiB:\^^pmmMt^—hi^>'^ 4 1 t^^mi^x 
[ooeiliaeti. :i<DX^fj:ryy^'^^F'V^> 

at65 0&:/hLT. LD3 l4:Ty>^f->f K- 

mm\^^^i^m^^m-&»xh^^tr-m'ML.<. ^ 

LTti. ^Jxfimkr/u^^!>A (A 1 N) ^ 
C t ;&5-et -So LD3 icOpffiOSegt 

[006 2] :*^P>g(D^ 3 (DMcP^mitCo^^^xmm 

-rSo 0 7H. :2^5IP>^(7)»3(Oa:fr^j^«i-«L't:iaT*$> 
'So ■r^^:^'^> l^ia (a) tl, LD3 1' :^>hltimir^ 

2ocotr— A3 1 Ai: 3 1 BoraiS^S 0 um^XmiB: 

^^tm^miTo m4{Z7r^\^timf$.i:\t-<X 2^<D\f— 

^)mvf'p^m<DmKx^xm^^tLMc^ ^^tt^fflPD3 

Dy<i^->^x§:m~^ ^ tnmmt^j:^o ^^x\ mTT^ 

(b) (dH. fOv-y =i>^Stg3 5' (D±\Z2^(DP 
D^-?^— >3 5A. 3 5B^t^itfc0''I^^L/Co ^tt^ 
tbfT^^PD-'^:^— V3 5A. 3 5BJi. 4oc^g^®^a 

[006 3] 07 (OffiXl-l^ 1^— (Ov^y =1 >^atS 3 5 ' 
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<D±\C6 5 0nmfflPD3 5 Air 7 8 0nmfflPD3 5 

nmtr— A(0^>iil^3 1 Air 6 5 0 nmfflPD 3 5A<D^ 

^>L-3 1 At 7 8 0 rLmfl3PD3 5 BCO^»L-t(Dmm^ 
mi. 3 mm. 2}> n M^m^ 3 3 <7>lHlWI&^<Dg:/J^ f 
iy'^\t.m3 tim^ LD3 1' i:^cz^^A^^3 3 irO? 

[0 0 6 41 S(C7jNC2>/^i^^^3 3i:LD3 1 i:(7>gg 

1 At 3 1 BCOl^^-rtlhe 5 0 nm^tcn? 8 On 
mt-r^Ztt^^X^^o 

[0 0 6 51 ^mm(om4<Dmmi\c-^\^^xmm 
-r^o lasfi. ^^^(Dm^^^wm^^'rm.^mx'h 

(7:>^^iffii3mmia. laia (b) '^(Dm&^^(D^i^ 

^STfc^o :*:A<*«ri|^c:JoV^Tfi. &R6 0(Oi®Jc: 
|lJ]gi56 OCviSt^tt^)^. ^(?:)j:S®(CLD3 1 ^iWr^^ h 
^nTV>>5o -eLT. LD3 l:e)^^aiWLfc:tr'— i^fi, 

^33 ^jgil LT I^TF L^'^V LTt^V 

3{c<t«9lHlJf^ti. *g[6 0to±jct9:ttbnfc^^^aifflP 

^:j::-y^:y^KX,^mf&^tl^ (ill) B^fflV>-5r 
[0 0 6 61 :*:S:i*M-:J3V>Tt. LD 3 1 

[00 6 71 :S:ft:fi?!lSr#fl8 Loo7^^P^(7)3lf*ffi 

fc. ^^J;ttf. r>to(7:>LD^:y:/i^3o£0*Ji^:dS*a 

fl. DVD-ROMffl6 5 0 nm^ttDVD- 

ROMffle 3 5 nm3ttCD-ROMS:t/CD-Rffl7 
8 0 nm^tcoSl^^r^^L/cLDSr^tf-Sr tid^T*^ 
'So DVD-ROMffl6 5 0 nm^tDVD-R 

AMffl6 5 0nm^ {mt'Q^^^m^^ti^ tCD-R 
OMRtJ^CD-Rffll7 8 0 nm3t^7)3^^^L/cL 
D^^Jf^rt:65T^>5. $^b(C. DVD-ROMffl6 
5 0 nm3ti:CD-RO\tRt/CD-Rffi7 8 0 nm)t 
(gc^aiLffl5t) tCD-R&U^CD-RWffl7 8 0 n 
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[0 0 6 81 ^fz.^ 6 8 5 nm#iacOig^ft^COLDS:{$ 
[0 0 6 91 Xfci-. *^P>qc30LD'rn^4:>t?^^*l/— If 

10 1 0CO±(C6 5 0 nmt 7 8 0 n mC7>^iX^tbC0^Sr^ 

[0 0 7 01 r:iTrfi. S:SfcoMOCVDg^i#t?8)^Jp 

[00 7 1] i^T. r (D J: 5 J^^ft^ r W (CO 

[00 721 la 9 fi. *^g^(7):i:ft:^«Cd^;5>-5^1iiK:g: 
7 8 0 nmt 6 5 0 n mC7) 2 t^~A^ft:i/— i^'T W 
<7:>ffii^§:^1~KffBiaTfc^o I^Ilic:toV>T. 2 4 0t±|g 
7 8 0 n m(D if 2 4 1 6 

5 0 nm(OU — if^T-SiST-fc'Sc ^(7:>tS/St-oV>TMtfe 

[00731 -r^si?-^. v^-r^^co u~tf ^^^-gu 240. 

2 4 1(C*5V^T*>. ^« 2 1 0 (7)±(;i. nM (n-) G 
0. K^^^yyrM2 11. 2 2 1. nMl no. 5 (G a 
o. 3AI0.7) 0.5PIII K^2 1 2. 2 2 2. I 

no. 5 (G a o. 5A 1 o. 5) 0, s^^^^ 2 1 3 . 2 2 
3 . ^Sfii^#F (multipe quantum well : MQW) S 
ttg2 1 4. 2 2 4. I no.5 (Gao. 5AI0. 5) 0.5P 
%^-< K^2 1 5. 2 2 5. p - I no.5 (Gao.sA 1 
o. 7) 0. sP^ 2 ^ 5^ Kii 2 1 6 . 2 2 6. p - I n 
40 0. 5Gao.5P:3i:y^>-:^>; f.o,:/g2 1 7. 2 2 7. p 

-I no.5 (Gao.sAlo.?) o. sP^ 3 ^ y KM 2 1 
8. 228. p- I no.5Gao.5P=^^S/^S2 1 9. 
2 2 9. n-Ga As^»JJl:Jl2 3 1. p-GaAs 
S*!>3A^g2 3 2/55r(7)lllM(-^»^tirv>'5o 
[0 0 7 41 :iCT% 7 8 0 n mtJO if ^^as 2 
4 0 Jc:fcV>TH. fSttS 2 1 4 (i. G a 0. 9A 1 0. lA s 
t G a o. 65 A 1 o. 35 A s t (T^MQWtSig^ 

^f-r^o — tSS6 5 0 nmCT:)!/— 1fS^gC2 4 1 
*5V^T(1. ftilg 2 2 4 ti. I no. 5G a 0. 5A s WFM 
50 t I no.5 (Gao.sAlo. 5) 0. sPlSiSS t (OMQWfll 
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mBJtS2 3 1 (Offi^^-a-iPitT-^rsii^is^T^^^T^s/:/ 

ibmj&^tl. 2 4 0, 2 Alt hlcm^m:^^ Kl — if 
:a5||^$tl.Tl/>6o Ga Asm»ElUi:®2 3 lUmSS^ 

2 3 5 2 10 £0»S(c*iitc?g^'5 r tt^Xt 

So mii2liLfcJ:5J-. v-- 1f^i=-&P2 4 OliCDxV 

[0 0 7 5] *fc. 0 9 (7:H/— f T W t — 
U2 4 0{-*5V>T I nOa A 1 P^(0^9:y Kgt^>ftL 
T. G a A 1 A s^coftttilSrSlffl UTV>S ATifi^cT) 

ri:{cj:«9. "^m^iiS (6 0nm) h^^Vmm (7 8 0 
n m) 2 ^C7) U^-if ^KSS:*«'ftr ^ t 

So 

[0 0 7 6] :*:5SP>^JcJ:Si— ifrWJi. 

[0077] 028 (a) (1. KSfi^Wt^ J: S^ 1 CO 2 
A U— if T W (D»fS«llB&iaT'S>So lRl[a(C*5V > 
7 5 1 i)m^7 8 0 nm(7:>U— if^ffigP^)-. 7 5 2 

:6^^S6 5 0 nm(^U~if^JggB5^TfcSo 1"?:^^-^. 
r CO if T W Ji> 2^(?:>S?iS l^^if t:^'— 

^;rb7t^i^=^*-rs. m®{*^^-?tup^g7 8 5, 

7 8 3&t/n^Mg7 8 6, 7 8 4 LT#?3tl. 2 

o(7) u-if H^tb^*;n4i63i:(c®ijj-r S CI i: ^^T^ S <t 5 

— A b~if r W 132 8 (b) iC:^U/c2o(7:):$^ 
i^COpg^ftbS7 7 6, 7 8 2&t/nga5*^7 7 84:^® 

[00 78] m29lX SU(7)Sffi*S^fi<7) 2 b^-i^ 

ifr W(7)BfSSB»&l2T-fcSo I^I3{-iBl'>T. 8 5 
1 7 8 0 n m<D if ^SgP^S^Cfc »9 . 8 5 2 

6 5 0 nm(Dl^—f^mM^'Vh^o 13 2 8 tC^ L 
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pS(-l9:«^n> n®(D51S^tetfi[M«8 9 8 ^MfifiK:^ 
[0 0 7 9] L^>L>fe:a55>. r^^?^(7?|li»fi^^ff^OU-if 

10 \^^^^^z,ttmmx-^^o ^f*i-~if^^7'>f;^ 

^I^ttSo Ly^^U 0 2 8^2 9(D^^^f2^1x— ifru 

^ r^(j^|4g^Mj cou-ifTfef^. r(o**Tn±te(7> 

ft: I/— if r W if ^^^tciBJ^f y >^?rit 

20 f9 #lt S w tU^S^ t^^^B^Tf life V 

[0 0 8 0] b;6^U ^^nfci$^:/yU---7^nffl[5gS:P» 

[008 1] 't,tcm(ommt l-t. if t \^^^y'f 
So i: ^ -^jji^ia 2 8 co^i^ftii. — if r u-r f^. iti^^s^jc 

40 S t^-<T(0 t--if^^^{cov>T>^llft;6^S$f (c:?:^ S cfc 5 

to^-. Kv'>'>5'co«3^;dS1S*ttC7:^f9. ^ir^^^<r>^< 
^ ->'S(c^(D;il/><fc 5 (c^gf* t) J: < iKlr-r S r i: 

[0 08 2] )^J.±mn \^fz.X. b m^Wit. \f—-umt^^ 
<fi:ti\i^h\cmUtfj:^. 13 2 9(Oi{S:^tt:u~ifr u 

50 ^^ilov^Tt(^«•r'fcSo 0 2 8coi|^j*u— ifr w 



a 



« 



19 

[0 0 8 3] eJ^iPxEuyhJ: 02 8^ig2 9tC^ 
[0 0 8 4] rtb(-*fL.T. :^^m\c^tl\^. U—^T 

[0085] L;6^ t . r W — 

[00 86] ^{C. :^WM(DU-"fT W (7)Mi^ffi{- 

ov>TlftMi-'5o lai O^mi 8fi. :2|s:^^(7:>^f*:u 

-f> 131 0{C7j^i-J:5{-. nm (n-) GaAs^2 
1 0<D±{;i7 8 0 nml/— lftt^(Cj:^-HSc7:>^t"i^=^ 
v'^ypjg2 1 1 3&>e> 2 2 0 SrMOC VD (metal-organi 
c chemical vapor deposition : W^^JS'fb^Mffii55c 

S) <9;*fii^'5o 2 i 4 <t LTfi. a i g 

M (p-) ^9yYm<D^^V-Ymmnsxio^'^ (c 

ni-3) aaj-«i*j L p s Y-y<>^ h 7i)-m ^ <Dm\^Mm b 

[0 0 8 7] [gi l(c^U/cJ:5lc. f$M:m(0— 

[0 0 8 8] lai 2(;i^LfCct5tC. SO^fa)* 

SSrfTPo aft:Wt-(:i> 6 5 0 nm^~iftt#^C<t;^ — 
ig(D3^t''^^iX-ry^'g 2 2 It^h 2 2 9^MOCVDfe 
J^ctt);?!cfi'r'6o ^^&t4® 2 2 4fil nOa P/I nOa 
Al P(7>#as^#F«ifeSrfflv^<5ri:d5-e#^o ig^ 

St- J: mc^m^ L^h 7 8 0 n m if ttBICC):!:^"^ 
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[00 8 9] ^{::. 13 1 3 (CTF L/c<t 5 6 5 0 n m 

-g^i^^nf^fSiV^ r^^. n-GaAsS220(^J:»9 
7 8 0 nm{iM<D::^^'^^iy'^jum2 1 1 '-^ 2 1 9fi«: 
Sl^tt^o ^<D^. n-GaAsg2 2 OSrSS^Wtc:^ 
^-rttt^ S V ^ eJl-bi7)XSiC J; 19 > 7 8 0 n mCO 1?-* 
6 5 0 nmC0U—^mi^t^m—^^<Dm^(O 

[0 0 9 0] JJct^iiai 4{c^Lfc:<t9tc:. l)yi^:^h'^ 
^y^Srfl^^^^o flrft:W{-fl> ^nm<7:> l^-^-f-'*^^ 
(C, S i 02^ K^-r^-^^^ 2 3 0^?g;5|ScU 
h3i-/f^>'^ffiS:ffllrN-C=¥^S/>^Ji2 1 9, 2 2 9StJ^ 
^3^^5/ KJi2 1 8, 2 2S^mmz.:x^y'f-:y^-r 
'So rc?^^:y^V:^fi. h y:7^^2 1 7. 

2 2 7^T*^Lyc:<i:r^Ti^Jl:^it6r <t:d^T#'5o 
[0 0 9 1] rrT% ^*!>=3r^5,:7'g2 1 9. 2 2 9S: 
UW> 3 :^ ^ Kg 2 1 8 . 2 2 8 lf * 

i::dSa*LV\ -^coSSfi. ::i:^:y^V>^>^ h^;/>^g2 1 
9. 2 2 9 ^>^^iC:j:::y^>'^^;rL^(DT\ #^^^5^ 

30 [0 0 9 2] 131 5}Cl^L/c<t Ga AsS 

mM^m2 3 1 Sr/^gft-r-So :irf*:^l^(-fi. MOCVDife 
tcJ:«93lS^^eS:*Jfe-r'5o r<^i:#S i Og-^:^^ 2 

[0093] mz.. la 1 6 J^:^ Lfc<t 5 Wh^L^m 
2 3 2§f;?eS'r6o :l:ft:6lJ(;^fl. S i Os^ T^^"^ 
;^>5'2 3 0^^^U/ct^{C. MOCVDi^{^J:<9ffii6iA 

[0 0 9 4] 01 7(c:^LfcJ:5t-> ^«I?II2 3 

40 6 ^W^^-t^o R I E (reactive ion etc 

hing) fe^fflV^TiM^W^-^:y^Vi5^-r6o ^^-n^h 

LTH. irixJi. C 1 siBC i3<^i^^'^&fflv^sr 

hip^X^^^ 

[0 0 9 5] 13 1 8iC7j^LfcJ:p{C. m^&fl^/^Sc 

•r^^ffl5(c3!ftSca>mS 2 3 3, 234 b 

fc^. ^ 2 10 (ry^^^mm LTJ?^ §r 1 0 0 M 
SiCL. *iiS^2 3 5^?i^^-r>5. ^C7)f^. ^^#0 

M(;i*5v>T*^4 3 o*c^cT'&^'^k^!a;3s&^T5o eJi±ia^ 

50 LyhXS^C:*5V^TIl. 5>«e»2 3 6(7>Ji^^i: p -®ffi2 
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3 3, 234 (Djf^f$.<Dm^\t.^J^Mx.X t>M U^txi^? 

[0 0 9 6] w(0<]: 5{;iLTft;?E^ttyc^>^— -'^S:. ;^ 
7^{::*tbTSiS/cfr*'r^i-^l5g i|iS4 0 0 m(D 



Al203^*:fl^^Lfco ^</)i?^Ji. 6 50nmir7 8 
if^iC>^LTfi2 9. 4%Tfc«9, 7 8 0 n mCOl^— if 

[0 0 9 71 *7t. <t »9iiiV^)tm;^?:#6fc*!){;iH. il 

A 1 2O3* S i Ox, T i O2, Si Nx. ^Jit^ 

AI2O3 (A/4)t^;S) /SiNx (A,/4>t^S) 
/S iOx (^/43t^«) /S i Nx (A/4)t^«) 

/S i Ox (A/43t^S) /S i Nx (A/4)t^S) 

/s iOx ^mf^-rn^. sbrw^ 

LT. iS:S7 8 0 nm\cM\^Xme 6%. iSS6 5 0 
[0 0 9 8] ^<—l±. ^:y^(c5J'*']L. hC/^-^^tC 

ir-^^^h \^±m^^mirmmx»>^o ima^-^ l/c 

fi. $6Mj*A 1 Nf">^Vr>>- h 5 O^^LTCu h 
i^^-^ 4HZ'^^>^h^tlX\^^^o f-:/-^l>>h5 0iC 
ti^Sfii^-^^' K3 5 2, 3 5 3;aS/'?-$?— :=LV^bTfe 

^9 . ^n^ri.<D i—^'m^^<D p 233. 2 3 4 

t:— h v-:^^ 4 1 (^S®tc?!^i*^tvfc:^^;ffi3 5 7 irft 

jgg^ttTl/^>So 
[0 0 9 91 ^WM(7:>m^m{Z^^^X\'X. ^T. 
7 8 0 nm(7)U- 1f^^^ge2 4 OOQ^^it^^SLT 
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